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13 nsnucr
~ The propagation characteristics for three model mgn-*'togpneres are compared for
hvdromapnetic waves in the micropulsations frec.ency range, 10 ' rad/sec -
1.0 rad/sec. One model is of a piane, layered medium over a plane, conduct..; ecarth.
a seccnd model is one compcsed of concentric cylindrical shells of plasma surrounding a

fconducting, cylindrical earth. In the plane mocel the magnetic field is horizontal, . .¢

varies with height. In the second, the stratic msgietic megnetic field is parallel to
the cylindrical axis, but again varies with height. The transmissicn coefficient for

{the amplitude of the magnetic field of an incident plane hydromagnetic wave is computed

as & funrtion of frequency for both models, and the results are compared. The
scattering and diffraction effects present in the model with curved surfaces substanti-
ally rcduce the transmission coefficient at higher frequencies. Also, differences in
geometric shape are much more signiricant than any reasonable variation of other
magnetospheric parameters within either model.

A third model utilizes a curved, dipole-like magnetic field. However,
computations are not complete for this case.
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ABSTRACT

The propagation characteristics for three model magnetospheres are
compared for hydromaguetic waves in the micropulsation frequeacy range,
10”4 rad/sec < w < 1.0 rad/sec. One model §s cf a plane, layered wedium
over a plane, coanducting earth. A second model is one composed of concentric
cylindrical shells of plasma surrounding a conducting, cylirdrical earth.
In the plane model the magnetic field is horizomntal, but variec with height.
In the second, the static mcgretic field is parallel to the cylindriczl
axis, but again varies with height. The transmission coefficier* for the
amplitude of the magnetic field of anm incident plane hydromzag..etic wave is
computed as 2 function of frequency for both models, and th: results are
compared. The scattering and diffraction effects present in the model with
curved surfaces substantially reduce the transmission coefficient at higher
frequencies. Also, differcnces in geometric shape are much more significaat
than any resonable variation of other magnetospheric parereters within either
model.

A third wmodel utilizes a curved, dipole-like magnetic field. However,

computations are not complete for this case.
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I. INTRODUCT.LO%

The objective of the research supported by Air Force Contrast
F19628j§7-60152 was the investigation of hydromagnetic phenozena in
the magn=tosphere in order to éeternine the possible physical mechanisms
for the production of the observed geomzgnetic micropulsztions vwhose
energies are confined to comparatively narrow frequency bandwidths.
Essentially all the work performed was directed towards understanding
the propagation characterics of the magnetosphere:

This wori wac begun January 2, 1967 and concluded with the
terminatior of tiie research contract on Decenber 31, 1970.

The work described in this report is primarily the theoretical
determination of the propsgation characteristics of -low frequency hydro-
magnetic waves in three model magnetospheres: (1) a plane, layered
medium with horizontal magnetic field; (2) a cylindrical, layered
medium with st;tic magnetic field parallel to the cylindrical axis;

(3) a cylindrical model with static field normal to the cylindrical axis.




II. MACNETOSPHERIC PROPAGATIOX OF HYDROMAGNETIC VAVES

A.

Introduction. A large portion of the work covered by this
report was published in a paper “A Comparison of :lydromagnetic
Wave Propagation in agnetospheres of Plane and Cylindrical

Geometries,"” Journal of Georhysical Research, Vol. 75, pp. 3R17-

3824, 1970. Portions of the rmateri:l in sections A, B, and C
of this chapter are quoted froa this paper
The mathernatical description of the propagation of

hydromagnetic waves through the magne:osphere is complicated by
many factocs: (1) the mediu. is irhomogeneous, 1*s properties
varying by many orders of magnitude over distances less than &
wavelength; (2) the static pagnetic field surrounding the earth
causes the mediun to be anisotropic; (3) the magnetospheric
medium is dissipative; (4) the paraneters tha* cheracterize the
medium are not known experimentally, except approximately;
{5) the geometry of the magnetosphere docs not lend itself to a
simple mathematical formulation of the propagation problem. Becruse
of these complications,a realistic magnetospheric model has never
been used in propagation calculations at hydromagnetic wave fre-
quencies. A number of workers have, however, reported calculated
result based on approximzte models [e.g., Fieid and Greifinger,
1965,.;966; Francis and Karpius, 1960; Greifinger and Greifinger,
1965; Jacobs and Watanabz, 1962, Karplus et al., 1962; Prince and
Bostick, 1964; Prince et al., 1964].

A typical treatment takes iato account some of the factors
listed above. A 'full wave' solution to the propagation equations

can be affected nemerically, even for the inhonogencous. anisotropic,
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3
dissipative medium, if tie mcgnetospheric parameters are functions
of only one Cartesian coordisat2. In such an analysis the earth
becomes an infinite half-space with a2 plane boundary, the
magnetosphere is layered slad, snd the fields evesywhere are
superpositiens of plane waeves Ey allowing the parameters of rhe
mediun to vary with height in a sufficient’y sinple fashiorn, so: -
workers have obtained cnzlytic expressions for transmission
coefficici:ts [Field and Greifinzer, 1965, 1966; Greliiager ana
Greifinger, 1965]. I¥n gencral, ch- tendency has been to try coping
with the first four éiffi-ulties listed previcusly, bri to restrict
the geometry of ihe model. Sowe work has beer done on cescmant
podes in a spherically sym-.-tric magnetos-here (Rodcski and
Corovillano, 196&; Czreviilano et al., 1%65). No use seems to
havc becn mad:z of these iesults in predicting ti1ansrission charae-
teristics, hovever. In general, the analysis of megnetospheric
propagaticn cf hydromaznctic waves hac be-n o)1 dimensiopal and has

made use of plane waves aud plane tounding susfaces. A magnetospheric

model thst incluldes curved surfaczes wee'd also irciude scatterin

[+1¢]

and diffraction effects absevt in th- plane layered modeic.
Thus it is reasonzble to attempt a soclution o the propsgation
problem for a curved (thougnh highly artificial) nodel in order
to evaluate the effects of curvaturz and hence the suitebility or
accuxaé& of the plane larinar wodeils.

Three calculaticns have beer atteipted; two have been con-
pleted. The turec cases are:
1. A calculftion leading to 3 golutirn to the problem of the

propagation of a hydroi rznetic disturbance through a cylindiic: 11y

(%)
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symmetric magnetosphgro of a planc wave incidect upon it. The
continuously variable naturc of thc medium is approximated
by a number of homogeneous cylindrical shells of plasma. The
*dipole’ field of the earth in this mode) varies only with
distance from the cylindrical axis and is parallel to the axis.

A plane n;rmal to the axis of this nodel is thus comparable to

the equacorial plane. .

2. A second calculation is basci on a plane model of the magneto-
sphere. 1In this simpler case, the sanc parameter profiles are
used as in the cylindrical model, and plane layers have the

same thickmness and height as the corresponding cylindrical shells.
When the transmission coefficients in the two cases are compared,
the effects of curvature of the magretospheric surfaces are
revealed.

The exact results are obtained by assuming zero collision
frequencies throughout the magnetosphere in both cases. However,
the effect of molecular collisions on the propagation is accounted
for approximately by making use of.the ionospheric transrission
coefficient computed by Field and Greifinger [1966] to wodify
th: exact no-collicion results. Although this composite treatment
is not a rigorous solution tu the propagation equations with
collisions, it is thcught to be a reasonadble approxiration to the

problea. In addition, this approxinate solution requires con-

.siderably less computirg tire.

3. A third propegation calculation was aclenpted on a model
magnetosphere which agein was cylindrizally sywaetric. However,
in this third case the magnetic field was chosen te lie in the

plane nornal to the cylinder a.is and to exhivit a "dipole" .
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characteristic. Thus the direction and ragnitude of the sta.tic
field were functions of position, varying, in fact, with both r
and ¢, the radius and azimuthal angle in cylindrical coordinates.
This considerably more ccmpiicated magretic field structure
leads of course to a much more difficult mathematical problem.
At the date of termination of this contract the solution to
the propagation problem for this third case was incomplete.

A description of the progress made, howev;r, will be found in
section C below.

The analysis of the propagation problem for the first two
cases prc.ceds as follows.

Consider a howmogeneous plasma medium, corresponding to any
one of th. layers in the magnetospheric model. Here, Maxwell's

equations (mks units)take the form

o

ES -
V'E = pfeq UXE = —pgH3/3t
(1)

- N

- > Y
V-H=0 UxH= egp(E/3L) + J

For time dependence of the form eiwt,these equations becone

Y ) -

VE = p/eg VxE = -ipguH
(2)

Ve = 0 UxH = fwegE + J

= jwegK-E
where K is the dielectric coefficient tensor. If the plasma is
characterized by a uniform static magnetic field ®p porallel to

the z axis of a Cartcsian svstem, K can be written as
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| K K, 0
{ ,
K = K, K, 0 (3)
0 0 Ky
The components are formed from the basic parameters of the
medium, ¥, Y, and Z.
2 2 = |
X =Ne [eom w Y, |eB0/msml
(4)

ZS = vs/w BS =1 - Zs

where

N 1is the density of sth singly charged components of the
plasma.

e 1s the charge cn the electron,

m_ 1is the ionic mass of the sth component of the plasma.

v 1; the collision frequency of the sth component.
The magnetospheric plasna will be treated as if, at any

location, there existed only electroans and one kind of positive

ion, which has a mass equal to the averag> mass of the positiv:

ions at that location. The components of K now become

X 8 X.8
e e i
K =1~—op—"7 - =357 (5)
8e Ye Bi Yi
iy X iv, X
K =--.%¢ _ i3 (6)
x g7 -Y? B.2 -Y.7
e e i i
X X
K =1--2 -1 )
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The subscripts i andve refer to ions and electrons, respectively,
If the medium is homogeneous, so that K,, K. > and K; are independent
of coordinates, and if the fields are independent of z (i.e.,
the wave propagates normal to z), Maxwell's equations can be
combined to form the wave equations

v.2E + kOZK“E =0=92E + kz?-;‘. (8)

T = z T =z z

K2 +K2

- -~ - .
) 2 0=y 2 )
VT Hz + kg K, Hz 0=V Hz + Kk Hz ¢))

T

where VT2 is the Laplacian operator in the pair of coordinates
transverse to By and kg is equal to w/c.
Cylindrical model. The solution to (9) in cylindrical

coordinates is

H(c,0) = [ [AJ Gar) +BY (r)]et™ (10)

ns -

with Jn’ Yn Bessel functions of the first and second kind and
with An’ Bn arbitrary constants. If An and Bn can be evaluated

Er and F, can be determined from Maxwell's equation. Tnese

¢

three field components form the 'fast' mode which can propagate

.

normal to z. The other possible mode comes from the solution to (8)

ing

E,(r,¢) = ) [C 7, (kir) + DY (k;x)]e (11)

n: -C0
The two modes are uncoupled, since propagation is normal to Bg.

To describe the fields in a medium that consists of conrentric

cvlindrical layers (each layer being homogeneous but with an axial

i " B i
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static magnetic fielq), we begin with (20) for cae mode and
derive from (2) the 1esult

[k, om 3l
1 L g z
Ey iweg(K, * + K _?) Lr 3% Fx —E‘E‘X (12)
SH K_ 9L
1 [ z X z
E‘b i&)Co(KJ_Z + KXZ) 'LK_\ 3r + T 'é‘a"} (13)

The boundary conditions on each cylindrical boundary, r = a, are

E,(r =a) = E, (r = a) (14)
Hz(r =a) = Hz(r = é+) - (15)

Becausc of the form of the solution, these becundary equations
hold independently for each n value and have the form, for example

of

m m m, m, _, ol mtl mt m+1
AN (k)"a) + B "0 "a) = A ™y (" a) + B Y a3 (e

where m is an index specifying the layer in which the field is
evaluated.

In the present problem, one boundary will be at the magneto-
pause. Exterior to this boundary the field consists of an incident
plane wave and a scattered cy];udrica] wave. The form of the Hz
field in the interplanetary region is then, for the fast mode,

H (r,¢) = Ho [ i“ei“¢’Jn(k1r)+ ZFnei“"’[Jn(klr) (17)

= =00 n= -0

1Y (k)]
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The innermost bowndary to the mag.etospheric region is at the
suorface of the earth. The earth itself is assused to be a

perfect conductor, so that the electric field vanishes for

r< RE. The bouncary coadition is then

Ey(Rg,¢) = 0 (18)

The conditions above (equations 16 and 18) provide just the
srcper number of conditions to allow a solution to be formed
for each urdetermined constant in the field expression {equations
10, 12, and 13, for example). In a model of N layers (counting
both the earth and the interplanetary medium), the number of
urknowns is 2N - 3. However, because these unknowns are complex
there are 4N - 6 values to be determined, and hence 4N - 6 real
equations. Solution to the set of 4N - 6 equations determines
the coefficients in the field expansions for one n value and one
frequency;

Plane model. For propagation normal to the plane boundaries,

ecuation 9 has the solution

Hz(x) - Hueiklx + szc—iklx (19)

where H;; ard h,, are the complex amplitudes of the plane - vas
propagating in the positive and the negative x directinns, respectively.

The corresponding electric field is

~k,K H k. K H

R 13 ikyx 172722 -1k1x
Ey(x) meo(K;7~+ K:Yive + meo(K__LZ + KXZS € (20)
Ex(x) = (Kx/Kl)Ey(x) (21?

¢
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The boundary cond®.ions on the plzae boundaries (x is constant)
are that E’ and Ez be continuous. Azain, 4X - 6 equaticas are
solved for the 4X - 6 unknown azplitude values., Only the fast
wode sclution is considered.

Specific Magnetospheric Models

1. Cylindrical Magnetocphere. The earth-megnetosphere-interplaretary-

space system is represented in ibs curved model Ly a set of twenty-
two concentric cylinders. The inrermost, vhich is the earth, is

a perféct conductor. The next in order of increasing radius is

the neutral noaconducting atnosphere. The folloving nineteen
cylindrical layers represent the ionosphere magnetosphere. The
last 'layer' is bounded on the inside by the nagnetopause, but it
has an infinite outer radius. Each layer is considered to be
honogeneous, with parameters as indicated in Table 1.

'Thg values assigned to the parameters for each layer, together
with the radii appropriate to each layer, were decided as follows.
First, a table of mezn mnlecular weight, electron number density,
and geomagnetic field intensity was compiled for fifty-five
geometric altitudes betwcen 60 and 61,000 km. These values we-e
taken from the literature [Prince et al., 1964; Matsushita and
Campbell, 1967]). Smooth curves of the three paramecters are shown '

in Figures 1 and 2, In this model no consideration was given to

collisions of ions with neutrals or with other ions. The consequcnces

of this neglect will be discussed later. Values were chosen to
represent approximately sunspot minimum, daytime.
The values of the log of the Alfven velocity VA calculated at

the fifty-five data points were plotted against log R and a smooth
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curve was drawa through the points. The ionospberc-magnetosphere
was divided into pineteen regions; their boundzries were chosen
simply by inspection, but in such a2 vay a2s to fit the VA curve
as closely as possible, 2s judg2d by eve. The set of radii thus
chosen were imposed on smooth curves of K) K _  and values for
each regicn sclected. The nusber of lavers chose.u (twenty-tvo)
vas a coapromise between an a~curate fit and a rezsonzble amount
of cosmputer time.

2. Plane Magnetosphere. The szme parameters were used to describe

the plane layered mode. Each radius listed in Table 1 now becorm:s
a height x above the cemter of the plame cornducting slab that

represents the earth.
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TABLE 1. Paramcters of the Twemty-Two-Laver Nocel

K 4
; Layer Radii, meters Vy» m/sec v = o’.‘um) (= = 0.1/sec)
s 1 0 6.37 x 10
1 2 6.37 x 108 6.43 x 10€ 3.00 x 108 0.00 1.02
: 3 6.43 x 10 6.47 x 105 2.00 x 105 4.00 x 10 5.00 x 10°
& 6.47 x 10 6.51 x 10% 4.40 x 10° 5.40 x 102 6.00 x 10°
5 6.51 x 106 6.62 x 108 2.90 x 10° 1.10 x 103 1.40 x 10°
6 6.61 x 1% 6.83 x 105 2.30 x 10 1.40 x 103 2.15 x 105
7 6.83 x 10° 7.17 x 108 4.00 x 10° 5.00 x 10? 9.00 x 10°
8 7.17 x 105 7.67 > 105 1.00 x 105 6.00 x 10 1.10 x 105
9 7.67 x 10° 8.27 x 10 2.30 x 105 3.00 1.70 x 10*
. 10 8.27 x 10° 1.08 x 106 4.80 x 105 4.60 = 1071 4.80 x 103
11 1.08 x 107 1.18 x 107 3.85 x 105 1.25 7.5C x 10"
12 1.18 x 107 1.35 x 107 3.25 x 105 2.36 1.00 x 10*
13 1.34 x 107 1.52 x 107 2.70 x 10°% 5.30 1.60 x 10"
14 1.52 x 107 i.88 x 107 2.05 x 10° 1.70 x 10 2.60 x 10*
15 1.88 x 197 2.24 x 207 1.52 x 105 6.00 x 10 4.60 x 19°
16 2.26 x 107 2.54 x 107 1.70 x 108 3.80 x 10 5.80 x 10"
17 2.54 x 107 2.96 x 107 3.50 x 108 2.20 x 10 5.40 x 10
18 2.96 x 107 3.44 x 107 .80 x 108 3.30 x 10 4.50 x 10"
19 3.44 x 107 4.64 x 107 2.85 . 1G® 1.30 x 10¢ 3.40 x 105
20 4.64 x 107 6.20 x 107 1.50 x 10° 9.20 x 102 4.50 x 10*
21 6.20 x 107 6.80 x 107 1.45 x 10° 1.25 x 103 5.00 x 10"
22 6.80 x 107 - 2.12 x 10° 4.31 x 10° 2.58 x 108

Layer 1 repre- °nts the earth; layer 2, neutral atnmosphere; layers 3~21, the

ionosphere-magnetosphere; layer 22, interplanetary space.
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Results of Comou-tationms.

1. Calculatioss of Xzeoetic Field Anplitvde Transmissionm

Coefficiert for First Two Cases. The cylindrica) model Jexd:

to a set of eighty-two simultar ocs real limezr algebrazic
esuaticons for the coefficients Au', ’:’ and F_ in the field
expressions (ecuztions 10 and 17); tibe superscript designates
the cth lzyer. One valuz of u was chosen, and the set of

equatis.s vas sclved for each intezer o ir the intervzl - 10 <

n <+ 10. Tre valees for Ahz and an were then substituted into
Q0), 22 the mopnitude ﬂz iron 2 to iGU. The tread of the
ra2tic to increzsz with increzsing fregeeacy is appareat. The

resonarnt freguencies for both cascs fz1] vithin the ramge of

Y
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N

contineouz observed at geostatiomary
altitudes (0.02 te 0.12 radian/sec) ard interpreted 2s magneto-
spheric resonance standing waves [Cuc—ings et zl.. 1969].

Tre iow frequercy liwits for the two cases differ by a factor
of Z. This result couid have been anticipated, since at these
frequencies the magnetosphere has litile effect on the wave.
Thus, ac © + 0, the cotpzrison is between the reflection at an
infinite ccaducting planc and the sczttering by a conducting
cylinder. The fieids celculatzd in these cas2s exhibit a facter
of 2 in t+ . ratic of the arplitudes of the magnetic intensity at
the surfeces.

Field and Creifinger [1996] defincd their 'ionospheric moagnetic

transmissicn cocfficient,’ as the ratio of the total magretic

tB,

1

field at the barc of the ionospheore to the field of the dovncor ing
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part of the sizmal 2t the top of the joecsphrre. The tog of the
fosospbere was taken to be &50 kn Z3cve the syrface for daytine,
soaspotl rexime conditjoms; the baor of the jomosphere, to be
85 ke hizgh. Toez model fmmasybere of virich .bey m2ke vse bas 2

coastant Alven sgeed in this regica, = 20¢ km/szc, a coastant

'A
fom cyclotron freguency of 100 rzdia~s/sec, 2nd jom znd electresm
collisioc freqgueacizs proporticezl te each other 2ni boik expomesntial
functions of height. Obviously the preszet model is nor idextical

to that of Yield}and Greifinger, evenr z2sicde from collisics effects.
Eevertheless, 2 couparison of their compuied tl with an fomncoleric
magnetic transnission coefficient calerlated on the basis of the
present plane lajyered model shoull give some inficztioms of the
attepuztion resulting fros collisions. Such a cocparison is
illustrated in Figure &, where ts' is thez correspgonading transzission

coefficient derived from the present work. The evzluztion of tB‘

wvas made by cozmpaering the amplitude of the mzgnetic field at the

surface with the arplitude of an incoxing plane wave above the

boundary at 6.83 x i0 wmeters. or 460 k= above the surfzce. ITonospheric

-

reflections of the incident wave causes the gradual docrease in tB

as the frcqueﬁcy is increased, until the layered rwediuz becores
resonznt at above 6 radians/sec. The tg curve decreases rapidly
because of absorption, a2nd sc shows no resonance. The ratio of the
two ciurves tB/tB’ is shoin in the troken curvc in Figure 4.

To umake use of the Field and CGre finger 1esult, the spectra
of the planc and cylindrical mzgaetospheres were rultiplied by the

ratio tB’ltﬁ. The application of this quantity, bascd on 2 one-

dimensional calculation, to the cylindrical rndel secrs justified
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simce the tickaess of the icaospheric layers imvolved is sma2ll
in comparisce vith the “adius of curvataure of the bowading
surfaces, nanely 460 k:/6370 kn, or abost 7i. The finzl spectra
including the collisicn effects a2re sivvwrm iz Figure 5. The
ratio of these two curves, P for the plave layerzd .odel a=d
C for the cylizdrical ome, is of covrse still the same 25 in

Figure 3.

One difference in the w0 tramsmissios curves, in additios to

the depressed transmissioz in the cyliedricz] czse broegh: zbout
by scattering, is the shift in reso-zrt freguencies. TYhe first
resonance comes 2t 2 higher fregesncy ip the cylindriczl =odel
than in the plane mode. Examinction of the field anplitude throegh-
out the medive indicates that thic effect is 2 result of multiple
internal reflections in the plzne model, which lead to 2 lonzer
effective pzth length for the wave propagating normzl to the
plane gounding surfzces. Thke higher rescnant frequencies are
harnonically relateé tc the first resonznce in the cylindrical
-od;l, but their azplitudes are répidly decrezsing, owiang to the
scattering at each curved boundary. The relationship between
resonznt frequencies is more coxpliceted in the plane model because
of multiple reflection and individual layer resonance occurring
at frequencies above 0.35 radian/sec.

The sensitivity of the results te the details of the rodels was
investigated by varyin; the ragnetospheric paramcters sver a rather

wide range of values. In general, the spectra are orly slightly

sensitive to such changes. To illustrzte this inszensitivity, a
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calculatioe vas nade for both nodels in vhich the extire nagoeto-
sphere ionxsphere was replaced by 2 sirzle Pomogensous, isotreopic
layer. The dieleciric cocstaat of this layer was adjusted to
give the sans propazzéioe time =5 in the d2tailed models. The
result in the cylindrical czsz is 2 spectrum disglayin? resonsaces
that coincide witk the firs: few rescazzces in the nore elaborate

mode] but havins a transwissioa cozfficient that falls off more

slowly with frequency. The fact thzt the trznsmicsion coefficicat

is not strongly coupled te the speciiic detzils of the mzgnetospheric

model has twe implicitions: First, tbe zpproxinations vsed in the

claculatioes for the cylindrical mode? tezd to be justified; second,

the transef<sion cozfficient for the mazgmetic ficld amplitude is

seen to be nuch mere strongly dependert on thes geosetry of the magneto-

sijberic wodel than on, for exawple, the detzils of parameter profile:.

2. Progress in Two-dimernsional Dipole Case. A "two-dicensiocnal

dipole™ field was assuzed:

u“ - -
B(r,¢) = ;gf' (- sin $ r + cos f %)

The wave equaticns for the wave field components are strongly
coupled by this static field structure. A nethod of decoupling
lccally was found, which in principal would allow solution to the
wave equations in a snmall velure. However, the boundaries for
these small volu~es vere such that the boundary condition could
not easily be ratified. A corprorise static field structure vwas
pext enployed. This armbient field was radical at high "lat "tudes"

(%_i p < 22) and wos eziruthal at louw latitudes (- 2 <P 5»%-).
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This stztic fieié has scous: characteristics of the dipnle field,
but 2gain boundary couditiors corlé not be solwed. Fipally, it
wvas forad thet ir 2 ;hiu cylindrical shell (of thickuess t where
t << r, 2pd r = inmner yz2dins of the shkell) the wave equation
could be decoupled. For cni: case the wave eqieatioz and the
dispersioa relation caa be solved pumericz®ly, and the boundary
conditiors satisfied. Hovever, muaericzl calculatioas zr- not;
complete. Thus, the evaluation of the propagation of h-u waves

through 2 "tvo dim ms2onzl dipele”™ field in a cylindrical ragneto-

" sphere wzs wveakened <0 the detereinatio:: ¢f propagaticn through 2

(34

thin cylirdrical shell of plasza vith an azicuthzl field. This
problez, vhile soluhkle, was not cozpleied in the coatrzcting

period.

ITI. SUMRY, COXCLUSIONS, AND RECO:MFNDATIONS

- Al

Summary and Conclusions. A cooparison of the zagnetic field

amplitude transnission coefficient for two model magnetospheres,
one cf cylindrical geometry and the other plane geomet:y, reveal.
a significant difference. The cur&cd magnetosphere scatcers

and diffracts an incideat wave, aad so transoits less energy to
the surface. The ratio of the transmission coefficients in the
two cases varies from 2 to about 100 over the hydromagnatic rzage
of frequencies. Tne lowest resonant frequencies are seen to depend
larg 21y on the size of the magnetosphere and average velocity of
hydrormagnetic waves. However, a plane layered model may produce
more corplicated resonant behavio. because of multiple internal
reflections. A fault of a one-diceasion:l treatnent is its over-

emphasis of the cffect of the earth on magnetospheric propagation,




PRy

18
a fault inhercat im the plane mede. Previous czlculztions that were
based o 2z model involving plaze layers 2nd that indicated zmpli-
fication effects at discrete Irequen;ies should be recxanined if
comparison between interplapetary ficld anéd surface field acplitudes
is desired.

The evaluation of prepagatiosn characteristic in a magretosphere
with curved static field vas atteapted, but not completed. Such a
calculation would suggest possidle lati ;dinal variatjon in surface
wave field intensities due to the guiding tendency of the ambient

field.

B. Recosrendations. It ic recczrended that additionzl effort be put

into the curved field cazlculations. Scattering, diffracting, and
guiding effects in this case should mzke the propagation characteristics
differ considerably from the two provious calctlations, and should
provide an indication of the latitutional variations in surface
field i;tensities to be expected from h-n vaves propagated
through the magnetosphere.
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